The last four changes suggest that the rate of increase in physiological age with time has been slowed. This can be attributed to decreases in the rate of accumulation of free radical-induced aging changes by the joint action of antioxidant supplements/dietary measures, and improvements in conventional measures (CM) which increase ALE-B, e.g., better medical care, nutrition, housing, accident prevention. The contribution by antioxidants to decreases in physiological age is seemingly small compared to that of CM. However, it will grow relative to CM as the amount and duration of supplement use increases and improvements in CM raise ALE-B closer to 85 years, the age associated with optimal living conditions.
INTRODUCTION
Past efforts to increase average life expectancy at birth (ALE-B) have been restricted to improving general living conditions, e.g., nutrition, medical care, public health facilities, and accident prevention (1, 2) . ALE-B's in the developed countries now range from 76-79 years, 6-9 years less than the limit of about 85 years imposed by aging (1, 2) . Future efforts to increase ALE-B will be based increasingly on an understanding of aging.
Aging is the accumulation of diverse deleterious changes in the cells and tissues that increase the risk of disease and death (1, 2) . Aging changes can be attributed to developmental and genetic defects, the environment, disease processes, and an inherent process, referred to as "the aging process". The chance of death of an individual of a given age in a population -readily available from vital statistics data-serves as a measure of: 1) the average number of adverse changes, i.e., aging changes, accumulated by persons of that age, and 2) physiologic age, i.e., "true age", in contrast to chronological age. The chances for death in a population determine the ALE-B.
Conventional means (CM) of increasing the ALE-B of a population by decreasing the chances for death th rough improvements in general living conditions, e.g., better nutrition, housing, medical care, are becoming increasingly futile (1, 2) . This is illustrated in Figure 1 by the curves of the logarithm of the chance of death versus age for Swedish females for various periods from 1751 to 1992 (3,4); a straight line represents exponential increases with age. The chances for death in the developed countries are now near limiting values while ALE-B's approach plateau values of around 76 years for males and 82 years for females.
Thus, as living conditions in a population approach the optimum, and premature deaths a minimum, the logarithmic curve of the chance of death versus age shifts towards a limit determined by the sum of: 1) the irreducible contributions to the chance of death by aging changes that can be prevented to varying degrees by CM, e.g., those due to the environment and disease, and 2) contributions that can be influenced little, if at all, by CM, i.e, those due to the inherent aging process. The now near limiting chances for death rise almost exponentially after about age 28. Only 1-2 per cent of a cohort die before this age.
The inherent aging process is the major risk factor for disease and death in the developed countries after age 28 (1, 2) . It limits average life expectancy at birth to about 85 years and the maximum life span to around 122 years. This inherent process is caused by chemical reactions that arise in the course of normal metabolism which, collectively, produce aging changes that exponentially increase the chance of death with advancing age even under optimal living conditions. Many theories (1,2) have been advanced to account for aging. No theory is generally accepted. The Free Radical Theory of Aging (FRTA) (2, 5, 6) shows promise; the subsequent discussion is based on the assumption that it is correct. It, and the simultaneous discovery of the important, ubiquitous involvement of free radicals in endogenous metabolic reactions, was proposed in 1954 (5, 6) . The theory arose from a consideration of aging phenomena from the premise that a single common process, modifiable by genetic and environmental factors, was responsible for the aging and death of all living things. The FRTA postulates that the common process is the initiation of free radical reactions. These reactions, however initiated, could be responsible for the progressive deterioration of biological systems over time due to their inherent ability to produce random change. The theory was extended in 1972 (7, 8) with the suggestions that: 1) most free radical reactions were initiated by the mitochondria at an increasing rate with age, and 2) the life span is determined by the rate of free radical damage to the mitochondria. Collectively, the free radical reactions initiated by the mitochondria constitute the inherent aging process.
The FRTA suggests the possibility that measures to decrease the rates of initiation and/or chain lengths of free radical reactions may decrease aging changes, even under optimal living conditions, and in turn the rate of aging and of disease pathogenesis. Many studies now support this possibility (2, 9, 10) . Most animal studies have used dietary antioxidant supplements to decrease chain lengths; these augment the natural defenses against free radical reaction damage. For example, addition of one percent by weight of 2-mercaptoethylamine hydrochloride to the diet of male LAF1 mice, started shortly after weaning, increased ALE-B by 30 percent (11 ); the maximum life span was increased little, if at all. When 0.5 percent of ethoxyquin was added to the diet of male and female C3H mice, the increase in ALE-B was 20 percent for both groups with no change in the maximum life spans (12) .
Thus, antioxidant supplements in mice increased the percentage of older animals in the studies and decreased the senescence periods (11, 12) as there was little, if any, effect on the maximum life spans. The latter because the exponentially increasing production of aging changes with age by the inherent aging process progressively nullity the beneficial effects of the antioxidants, keeping increases in maximum life span minimal.
The FRTA further suggests that improvements in CM which increase ALE-B, decrease the chances for death in a population ( Fig. 1 ) by decreasing the rate of accumulation of aging changes associated with suboptimal living conditions. For example, a) better nutrition provides more compounds, e.g., vitamins C and E, and 13-carotene, to decrease free radical damage, b) housing improvements may decrease the amount of food metabolized -and hence free radical production, needed to maintain body temperature, c) in the case of diseases, free radical reactions are widely involved (2,9,10) so that measures to improve prevention and treatment would be expected to have beneficial effects on life span, d) tissue injury causes free radical formation, thus better accident prevention measures should reduce the accumulation of aging changes.
The growing awareness since the late 1950's of the beneficial effects produced by dietary antioxidant supplements on the life span and disease incidence of animals prompted an increasing number of individuals to ingest antioxidants. The collective effect of this 40 year plus effort to slow aging in man may be reflected in measurable changes in the US population as a whole. The purpose of this review was to determine if this has occurred.
METHODS

Literature survey of:
A, Changes since the mid 1950's in: 1) use of antioxidant supplements and consumption of fruits and vegetables, 2) age structure of the United States population, 3) incidence of chronic disability in the elderly, 4) incidence of cancer, and 5) incidence of cardiovascular disease. B. Epidemiological studies on the effect of antioxidant supplements, and of fruits and vegetables, on disease incidence and life span.
RESULTS
A. Changes in the U. S. population since the 1950's include:
1) The percentage of the United States population that take antioxidant/mineral supplements has grown since the mid-1950's from probably less than a fraction of one percent to forty to fifty per cent today (13) (14) (15) (16) (17) . Most individuals who take antioxidant supplements (13) (14) (15) (16) (17) do so on an irregular basis; around 4 percent take vitamin E daily (usually 100 IU or more) and 8 percent take vitamin C (frequently 500mg). Multiple vitaminmineral supplements are taken by around 20 percent of the population. If the multivitamin includes vitamin E it is usually 30mg or less, while vitamin C is generally 60mg (18) . The latest antioxidant supplements now being used are Coenzyme Qlo (19, 20) , melatonin (21), lipoic acid (22), and the polyphenols (23). Antioxidant supplements are readily available and generally inexpensive, particularly vitamins C and E. Sales of antioxidant supplements are now 4-5 billion dollars a year (24,25). Thus, the average person spends about $40 per year on antioxidants, more than enough to purchase a year's supply of the three most common antioxidants supplements -vitamins C and E, and ~3-carotene. This assumes that 40 per cent of a U.S. population of 250 million spend 4 billion dollars per year for antioxidant supplements.
Consumption of fruits and vegetables has apparently remained almost constant over time (26, 27) . They are the major dietary sources of 13-carotene and vitamins C and E (28) . Although the amount of these compounds in the diet is small, they have a beneficial effect on disease and longevity (28) . Increasing these benefits by dietary means is limited by practical considerations. For example, an individual would need to ingest about six cups of peanuts to obtain the amount of vitamin E present in one 4001U tablet. Hence antioxidant supplements are generally used to augment the free radical defenses provided by diet.
2) The ALE-B rose from 69.7 years in 1960 to 75. 4 years in 1990 and 76.1 years in 1996 (29) . As shown in Table 1 1. o% J 
4)
1984 National Long Term Care surveys (Figure 3 ) (32, 33) . In 1994 there were 33.7 million persons over age 65; of these 7.1 were chronically disabled -1.2 million fewer than had been predicted (32) . Cancer incidence and mortality has been decreasing since 1991 for the first time since national record keeping was instituted in the 1930's (34) (35) (36) . Figure 4A for 1950-1996 and the start of the decline in 1991 ; the latter is shown in detail in Figure 4B . 5) Heart disease has continued to decline since the 1950's (29) ( Figure 4A ) after emphasis was placed on controlling risk factors. The rate of decline began to significantly increase further around 1965 (29) . B. Epidemiological studies include those which demonstrate that: 1) antioxidant and/or mineral supplements are associated with beneficial effects on cardiovascular disease (18, (37) (38) (39) , cancer (40) (41) (42) , and life span (43) (44) (45) , and 2) fruits and vegetables are associated with decreases in both cancer (28, 46, 47) and cardiovascular disease (48) (49) (50) . Examples of the above studies include: 1) Men and women who took at least lOOmg per day of vitamin E for two years or more reduced their risk of coronary disease by 40 percent (18,37). 2) Male smokers, age 50-69 years, receiving 50 mg of vitamin E per day for 6 years had a 32 percent decrease in the incidence of clinical prostate cancer while mortality from prostate cancer was decreased by 41 percent (40).
3) The Epidemiologic Fotlowup Study of the First
National Health and Nutrition Examination Survey (NHANES I) was analyzed for the effect of vitamin C consumption on mortality rates in men and women (44) . Comparing men and women consuming about 30mg or around 300mg of vitamin C per day, the standardized mortality ratio (SMR) values were 10 to 48 percent lower among the high intake groups. These differences in SMR's correspond to differences in longevity of about 5-7 years for men and about 1-3 years for women at age 35.
DISCUSSION
Changes in the U. S. population since the mid 1950's include: 1) the growing use of antioxidant supplements, 2) disproportionate increases in the percentage of older individuals in the population, 3) declining chronic disability in the elderly since 1982, 4) declining cancer mortality beginning in 1991, and 5) a decline in the rate of reported cardiovascular disease beginning in the 1950's which increased further significantly in 1965. Taken together the last above four changes suggest that since the 1950's the rate of increase in physiological age of individuals in the population with time has been slowed. This can be attributed to decreases in the rate of accumulation of free radical-induced aging changes by the joint action of: 1) continuing improvements in the effectiveness of CM, and 2) increasing use of antioxidant supplements and, possibly, of fruits and vegetables.
Enhancements in CM during the past 40 years include improvements in: 1) antibiotics, 2) surgical procedures, and 3) the prevention and treatment of diseases, e.g., cancer and cardiovascular diseases. In addition, the advent of Medicaid and Medicare in 1965, facilitated preventive medicine resulting in early diagnosis and treatment.
Superimposed on the CM improvements were attempts by a growing number of individuals to further reduce their chances for death by taking antioxidants to reduce the chain lengths of free radical reactions. This effort is decreased with age and becomes essentially futile at around age 85, as with CM, owing to the increasing rate of initiation of free radical reactions with age by the mitochondria (2).
The above individuals now comprise 40-50 per cent of the U. S. population. On the average they are physiologically younger than their counterparts in the population, i.e., they have accumulated fewer free radical-induced aging changes, hence they are likely to have less disease, live longer, and have shorter senescence periods.
Together, the above efforts since the 1950's have seemingly reduced the rate of increase in physiological age of the US population as a whole -it is younger. This provides the most parsimonious explanation of the four population trends described above. Thus, reductions in physiological age cause: 1) concomitant increases in average life expectancy. This results in progressive disproportionate increases in the percentages of older persons in the population (Figure 2 ), because the rapidly increasing chance of death in the older groups (Figure 1 ) ensures that few will exceed 100 years. 2) reductions in the probability of developing age-associated disorders: a) chronic disability in the elderly began to fall for the first time in 1982 (Figure 3) , b) that for cancer in 1991 ( Figure  4A, B) , and c) the continuing modest decline in heart disease since the 1950's was significantly increased around 1965 ( Figure 4A) .
Assessment of the relative contributions of CM and of supplement/dietary measures to the above trends in the US is confounded by many factors (32, 33, 51) , e.g., the advent of Medicaid and Medicare. Both measures lowered free radical reaction damage thereby decreasing physiological age and increasing the ALE-B. The relative contributions of the two measures can be inferred from their effects on ALE-B.
ALE-B is a reflection of the ability of CM and antioxidants to counteract the accumulation of free radical damage with age due to the sum of those: 1) associated with suboptimal living conditions, and 2) formed at an exponentially increasing rate by the innate aging process. Improvements in CM in the United States and other developed countries have raised ALE-B's to within 6-9 years of the potential maximum value of about 85 years (1, 2) , and concomitantly lowered formation of aging changes associated with suboptimal living conditions.
On the average in these countries, initiation of free radical reactions by mitochondria in individuals is high and progressively increasing. Antioxidant supplements under these conditions may make only a modest contribution to increases in the ALE-B, and essentially none to the MLE, because the decreases in formation of aging changes produced by them would be expected to be a small, and progressively so as ALE-B increases, fraction of those formed by the innate aging process.
In contrast, as populations come to live under nearoptimal living conditions throughout life, as with the mice discussed above, the rate of accumulation of aging changes will be small during the early part of life, and depressed further by antioxidant supplements. The antioxidants will delay, depending on the amounts ingested, the eventual normal exponential rise in the rate of accumulation of aging changes and thus raise the ALE-B's, but without significant increases in maximum life span. ALE-B rose rapidly from 47.3 years in 1900 to 69.7 in 1956. Increases since have been slower, particularly between 1956 and 1972 when ALE-B reached 71.2 years (1,2,52) ( Figure 5 ). The slower increases in ALE-B since 1956 reflect to some degree the growing use of antioxidant supplements. The antioxidant contribution is undoubtedly small compared to that of CM as the increases in ALE-B are about those to be expected from the improvements in CM.
Failure to find a definite impact of antioxidant supplement use on the ALE-B of the US population is because the decreases in free radical damage produced by the supplements is significantly less than the formation of free radical-induced aging changes by the innate aging process and those associated with the US suboptimal living conditions. The US ALE-B is about nine years less than the potential value of around 85 years associated with optimal living conditions (1,2). .,,52 48 44 Average Life Expectancy at Birth United States 1900-1996 40 1960 1908 1916 1924 1932 1940 1948 1956 1964 1972 1980 1988 1996 The contributions of antioxidant supplements to increases in ALE-B, and to the four US population changes discussed above, may become apparent with time as: 1 ) the number of supplement takers and the quantity and duration of supplement use increases, and 2) living conditions throughout life approach closer to optimal because of continued improvements in CM.
The "chain length" aspect of the FRTA has been reduced to practice. Efforts (53) have been started to implement the "free radical initiation" aspect of the FRTA, primarily by decreasing the rate of mitochondrial superoxide formation, in order to increase the maximum life span while living a normal life.
